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Abstract
Background: Detection of foreign bodies (FBs) is challenging. Selection of a fast and affordable imaging modality to locate the FB
with minimal patient radiation dose is imperative.
Objectives: This study sought to compare four commonly used imaging modalities namely cone beam computed tomography
(CBCT), magnetic resonance imaging (MRI), computed tomography (CT), and ultrasound (US) for detection of FBs in the head and
neck region.
Methods: In this in vitro study, iron, glass, stone, wood, asphalt, and tooth samples measuring 0.1×0.5×0.5cm were placed in the
tongue muscle, soft tissue-bone interface and nasal cavity in a fresh sheep’s head and subjected to MRI, US, CT and CBCT. A total of 20
images were captured by each imaging system from the six materials in the afore-mentioned locations. The images were observed
by an expert oral and maxillofacial radiologist and a general radiologist. To assess reliability, 20 images were randomly observed by
the observers in two separate sessions. The images were classified into three groups of good visibility, bad visibility and invisible.
The data were analyzed using SPSS version 18, Wilcoxon Signed Rank, Pearson chi square, and Fisher’s exact tests.
Results: All FBs in the tongue and at the soft tissue-bone interface had good visibility on US (P = 1.00). Also, CBCT and CT had signifi-
cantly different performance regarding FB detection (P < 0.001). All wooden samples in the nasal cavity were invisible on CT scans;
while, only 20% of them were invisible on CBCT scans. MRI showed significant differences for detection of FBs in the three locations
(P < 0.001). MRI could not locate iron samples due to severe artifacts and only showed their presence (bad visibility) but other FBs
except for wood and tooth in the nasal cavity (100% invisible) had good visibility on MRI.
Conclusions: Ultrasound is recommended as the first choice when FB is located within the superficial soft tissues with no bone
around it. In case of penetration of FB into deeper tissues or beneath bone, CT or CBCT are recommended. Otherwise, considering
lower dose, CBCT is preferred over CT. We can use MRI if the FB is not ferromagnetic. However, CT is the first choice in emergency
situations because of higher sensitivity.
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1. Background
Foreign body (FB) refers to any object with extrinsic ori-
gin that enters into the body. Even the most conservative
individuals may experience incidents such as falls, cuts,
abrasion, scratches, burns or wounds (1).
Foreign bodies may enter into the body via different
routes. They may be swallowed, entered into the body cav-
ities or penetrate the tissue traumatically or via iatrogenic
injuries. Motor vehicle accidents and gunshots are among
the common causes of traumatic FB injuries (2).
Children, mentally retarded adults, individuals with a
recent history of trauma, patients undergoing surgical op-
eration or implantation, magicians, alcoholics, substance
abusers, culprits, terrorist attack victims and military per-
sonnel are more prone to FB injuries (2).
In the head and neck region, FB injuries often occur
due to traffic accidents, explosions, gunshot wounds or
maxillofacial therapeutic interventions, and account for
3.8% of all pathologies in this region (3).
Depending on the type of trauma, the composition,
type and location of FB may vary. Wooden sticks in the eyes,
impression materials in the maxillary sinuses or tooth
parts in the eyeball are not uncommon (4, 5). In the jaw-
bones, FBs often include amalgam residues or endodontic
instruments. Commonly found FBs in the soft tissues of
the head and neck region include wooden sticks, pieces of
glass, metal objects, stone particles or sands (6).
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Complications associated with FB injuries include
pain, discomfort, swelling, tenderness, cellulitis, abscess,
migration of FB to distant areas and potential injury to
the vessels or nerves (2). Infection, inflammation and pain
are among the potential complications of FB injuries as
well. Inflammatory reactions and granuloma formation
may impair wound healing. In addition, FBs can cause seri-
ous complications such as intracranial abscess. To prevent
complications, FBs must be located and removed as soon as
possible (6, 7). Superficial FBs are often easily extractable,
but FBs that have penetrated deep are hard to remove. De-
termination of the proximity of FBs to critical organs is im-
portant to find out the risks of FB extraction surgery (8). De-
tection and localization of FBs are done by taking a precise
history, clinical examination and facial imaging (3).
Several imaging modalities such as conventional (two-
dimensional, 2D) radiography, CT, CBCT, MRI and US have
been used for detection of FBs (6). Conventional radiog-
raphy is the primary imaging modality for detection of
FBs; however, superimposition of tissues in the path of X
ray beam is the main drawback of 2D imaging (9-11). Non-
radiopaque objects cannot be identified by this modality.
Thus, the composition of FB determines its visibility on ra-
diographs. Size of FB also plays a role in this respect.
Detection and localization of FBs in the head and neck
region are of utmost importance. Since advanced imag-
ing can facilitate the detection of FBs compared to conven-
tional radiography, diagnostic ability of different imaging
modalities for detection of FBs must be compared (12). We
decided to undertake this study due to incoherent results
of previous studies.
2. Objectives
This study sought to compare the ability of four com-
monly used imaging modalities for detection of FBs made
of six materials. The effect of location of FB and the envi-
ronment in which it is located (namely air, soft tissue and
proximity to bone) on its visibility was evaluated as well.
3. Methods
In this in vitro study, iron, glass, stone, wood, asphalt,
and tooth samples measuring 0.1× 0.5× 0.5cm were im-
planted as FBs in a sheep’s head. Sample size was calculated
as 16 for each material consideringα= 0.05,β = 20%, d = 0.2,
confidence interval of 95% and the study power of 80%. To
control for possible dropouts, 20 samples were fabricated
of each material for each location. Thus, a total of 1440
readings were done (six different materials, three different
locations, four imaging modalities and 20 repetitions).
3.1. Fabrication of Foreign Bodies
Foreign bodies were fabricated of iron, glass, stone,
wood, asphalt and tooth (by sectioning), which are among
the most commonly found FBs (0.1 × 0.5 × 0.5 cm). The
stone sample was a mountain pebble. The asphalt sample
was a separated piece of the street asphalt. The tooth sam-
ple was fabricated of a tooth extracted due to periodon-
tal disease. The FBs were implanted in three locations in
a fresh sheep’s head namely in the tongue, nasal cavity and
the interface of bone and soft tissue. One sheep head was
used for all imaging studies and they were all done dur-
ing the same day. Each sample was separately placed in
the respective locations and subjected to the four imaging
modalities.
3.2. Foreign Body Implantation in the Tongue
Using a #15 scalpel, a horizontal incision with 2 cm
depth and 3 – 4 cm length was made along the tongue mus-
cle and the FB was inserted. Such a lengthy incision was
made to enable slight changes in the position of FBs at each
implantation.
3.3. Foreign Body Implantation in the Nasal Cavity
The FB was tied to a thread (30 cm, for the purpose of
easy retrieval) and placed in the nasal cavity by a hemostat.
3.4. Foreign Body Implantation at the Interface of Bone and Soft
Tissue
Using a #15 scalpel, a deep (2 cm) incision 4 – 5 cm
in length was made at the vestibular depth of the sheep’s
mandible to separate the soft tissue from bone. The FB was
placed at the interface and the soft tissue was sutured in
its baseline position. Such a lengthy incision was made to
enable slight changes in the position of FBs at each implan-
tation.
3.5. Imaging
Four imaging modalities namely CT, CBCT, MRI and US
were carried out in vitro. The CBCT scans were obtained
using NewTom VGi (NEWTOM VGi, QR Verona, Italy) with a
large (15× 15 mm) field of view (FOV), patient scan mode
and high resolution with exposure settings of 110 Kv and
1.43 mA. The scans were viewed using NNT Viewer software.
The CT scans were obtained using CT Somatom (Siemens
Somtom Definition flash, Erlangen, Germany) with num-
ber of slices of 2× 128, 120 kv, 220 mA and slice thickness
of 0.6 mm. MRI was performed in Shahid Rajaie hospital
(Siemens Magnetom Avanto 1.5T) utilizing a head coil. Im-
ages were obtained with T1 weighting (TR 9000 - 10000, TE
90 - 100 , FOV: 176× 220, BW 190) and T2 weighting (TR 600 -
700 , TE 8 - 9 , FOV: 198× 220, BW 150) with slice thickness of
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4 mm. US was carried out in Jahad clinic (VOLUSON 730 PRO
GE Healthcare Austria) with a linear probe at a frequency of
6 - 12 MHZ. Detection of samples was done by a general ra-
diologist.
An expert oral and maxillofacial radiologist (faculty
member of Shahid Beheshti University) observed the im-
ages, which confirmed the validity of the results.
To assess reliability, 20 images were randomly selected
and the observer was requested to observe the images in
two separate sessions (the observer was blinded to this pro-
cess). The results of the two sessions were compared and
were found to be similar, which confirmed the reliability
of observations. A general radiologist (also a faculty mem-
ber) was requested to observe the CT, MRI and US images as
well. The results of all observations were recorded in code
sheets. Based on the visibility of FBs on each image, a qual-
itative numerical score was allocated to it and it was cat-
egorized as good visibility, bad visibility or invisible. The
definitions for these states were as follows:
Good visibility: The FB and its details were clearly visi-
ble. The borders of the FB were clearly visible as well.
Bad visibility: No details could be seen. The outline of
the FB was not clearly visible.
Invisible: The foreign body was not visible at all.
3.6. Statistical Analysis
The collected data were subjected to SPSS version 18
(SPSS Inc., Chicago, Ill, USA) and statistically analyzed us-
ing Wilcoxon Signed Rank test, Pearson chi square test and
Fisher’s exact test. Type one error was considered as 0.05
and P < 0.05 was considered statistically significant.
4. Results
4.1. Iron FB in the Tongue
All 20 iron FBs placed in the tongue had bad visibility
on CBCT scans and MRI. Wilcoxon Signed Rank test revealed
no significant difference in this respect (P = 1.00). Compari-
son of CBCT and MRI and also CBCT and CT yielded the same
results. However, the 20 iron samples had good visibility
on US. Thus, US had significant differences in this respect
with MRI, CT and CBCT (P < 0.001) (Figures 1 - 4).
4.2. Glass FB in the Tongue
Of 20 glass FBs in the tongue, 16 had good and four had
bad visibility on MRI; whereas, CBCT, US and CT well visu-
alized all 20 samples (good visibility). The difference in
this regard between MRI and each of the CBCT, US, and CT
modalities was significant (Wilcoxon Signed Rank test, P =
0.046). However, US and CBCT, US and CT, and CT and CBCT
yielded the same results and well visualized all 20 samples
(good visibility, P = 1.000) (Figures 1 - 4).
4.3. Stone FB in the Tongue
Wilcoxon Signed Rank test showed that MRI had a sig-
nificant difference with US and CT in this respect since all
20 samples had bad visibility on MRI and good visibility on
CT and US (P = 1.000). Of 20 samples, 16 had good and four
had bad visibility on CBCT. Thus, CBCT had significant dif-
ferences with US and CT in this respect (P = 0.046). Also,
CBCT had a significant difference with MRI (P < 0.001) (Fig-
ures 1 - 4).
4.4. Wooden FB in the Tongue
Wilcoxon Signed Rank test showed that CT and CBCT
were similar in this respect and all 20 wooden samples
were invisible on CT and CBCT scans (P = 1.00). Ten samples
had good and 10 had bad visibility on MRI. Thus, MRI had
significant differences with CT and CBCT (P < 0.001) in this
respect; whereas, US had significant differences with CT
and CBCT because all 20 samples had good visibility on US
while they were invisible on CT and CBCT scans (P < 0.001)
(Figures 1 - 4).
4.5. Asphalt FB in the Tongue
Wilcoxon Signed Rank test showed that CBCT and US
were similar and all 20 samples had good visibility on CBCT
scans and US (P = 0.001). CBCT and MRI yielded totally
different results since all samples had good visibility on
CBCT while they all had bad visibility on MRI. This differ-
ence was statistically significant (P < 0.001). US and MRI
were also different since all 20 samples had good and one
sample had bad visibility on US. Thus, US had significant
differences with MRI since all 20 samples had bad visibility
on MRI (P < 0.001). One sample had bad and the rest had
good visibility on CT, while all 20 samples had good visibil-
ity on CBCT scans, but this difference was not significant (P
< 0.317). The same results were obtained for CT and US (Fig-
ures 1 - 4).
4.6. Tooth FB in the Tongue
Wilcoxon Signed Rank test showed that CBCT was sim-
ilar to US and CT for this purpose since all 20 samples had
good visibility on CBCT (P = 1.000). Nine samples had good
and 11 samples had bad visibility on MRI and therefore, it
had significant differences with CBCT, CT and US, which vi-
sualized all 20 samples with good visibility (P < 0.001) (Fig-
ures 1 - 4).
4.7. Iron FB in the Nose
Wilcoxon Signed Rank test showed no significant dif-
ference between CBCT and MRI or CT and all three modal-
ities visualized 20 iron samples with bad visibility (P <
0.001). Comparison of US with the other three modalities
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Figure 1. Cone beam computed tomography (CBCT) scans of foreign bodies in the tongue. A, asphalt; B, metal; C, wood; D, tooth; E, stone; F, glass.
Figure 2. CT scans of the foreign bodies in the tongue. A, asphalt and stone; B, wood and metal; C, tooth and glass.
yielded significant differences since all 20 were invisible on
US while they had bad visibility on CT, MRI and CBCT (P <
0.001) (Figures 5 - 8).
4.8. Glass FB in the Nose
Wilcoxon Signed Rank test showed no significant dif-
ference between CBCT and MRI. CBCT visualized 18 samples
with good and two with bad visibility. Seventeen samples
had good and three had bad visibility on MRI (P = 0.655). All
20 samples were invisible on US and thus, US had a signif-
icant difference in this respect with CT, CBCT and MRI. All
20 had good visibility on CT; 18 had good and two had bad
visibility on CBCT scans; 17 samples had good and three had
bad visibility on MRI (P = 0.083); CBCT and CT were not sig-
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Figure 3. MRI of the foreign bodies in the tongue. A, asphalt and stone; B, metal; C, wood; D, Glass and tooth.
Figure 4. Ultrasound of the foreign bodies in the tongue. A, ssphalt; B, metal; C. wood; D, tooth; E, stone; F, glass.
nificantly different (P = 0.157) (Figures 5 - 8).
4.9. Stone FB in the Nose
All 20 samples had bad visibility on MRI; all 20 were in-
visible on US and this difference was significant (P < 0.001).
Comparison of CBCT and MRI revealed a significant differ-
ence since 13 had good and seven had bad visibility on CBCT
scans (P < 0.001); 19 had good and one sample had bad
visibility on CT scans and all 20 had bad visibility on MRI;
the difference in this regard was significant (P < 0.001).
Thirteen samples had good and seven had bad visibility on
CBCT scans and the difference with US was significant (P <
0.001) since all 20 were invisible on US. Also, CT had a signif-
icant difference with CBCT since 13 had good and one had
bad visibility on CT (P = 0.034). All 20 were invisible on US,
which was significantly different from CT since 19 had good
and one had bad visibility on CT (P < 0.001) (Figures 5 - 8).
4.10. Wooden FB in the Nose
Based on Wilcoxon Signed Rank test, MRI was similar to
US and CT. All 20 samples were invisible on MRI, US and CT
(P = 1.000). Sixteen samples had bad visibility on CBCT and
four were invisible on CBCT. The difference of CBCT with the
other three was statistically significant in this regard (P <
0.001) (Figures 5 - 8).
4.11. Asphalt FB in the Nose
Based on Wilcoxon Signed Rank test, all 20 samples
were invisible on US; US had a significant difference with
CT and CBCT. All 20 samples had good visibility on CT and
18 had good and two had bad visibility on CBCT; 18 had bad
and two had good visibility on MRI (P < 0.001); the differ-
ence in this regard was significant as well (P < 0.001). On
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Figure 5. Cone beam computed tomography (CBCT) scans of the foreign bodies in the nose. A, asphalt; B, metal; C, wood; D, tooth; E, stone; F, glass.
Figure 6. CT scans of the foreign bodies in the nose. A, asphalt; B, wood and metal; C, stone; D, tooth and glass.
the other hand, CT and CBCT were not significantly differ-
ent since all 20 samples had good visibility on CT and two
had bad and 18 had good visibility on CBCT scans (P < 0.157).
The difference between MRI and CT was significant since all
20 samples had good visibility on CT. Eighteen had bad vis-
ibility and two were invisible on MRI (P < 0.001) (Figures 5
- 8).
4.12. Tooth FB in the Nose
Based on Wilcoxon Signed Rank test, the results of CT
and CBCT were similar. All 20 samples had good visibility
on CT and CBCT scans (P = 1.000). Also, MRI and US were sim-
ilar since all 20 samples were invisible on MRI and US (P =
1.000). Moreover, CT had significant differences with MRI
and US (P < 0.001) and CBCT had significant differences
with US and MRI in this regard (P < 0.001) (Figures 5 - 8).
4.13. Iron FB at the Bone-Soft Tissue Interface
Based on Wilcoxon Signed Rank test, all 20 samples had
good visibility on US. All 20 samples had bad visibility on
CT, CBCT and MRI; the difference of US with CT, CBCT and
MRI was significant (P < 0.001). All 20 samples had bad vis-
ibility on CT, CBCT and MRI. Pairwise comparison of the lat-
ter three revealed no significant difference (P = 1.000) (Fig-
ures 9 - 12).
6 Iran J Radiol. In Press(In Press):e37265.
Un
co
rre
cte
d P
roo
f
Valizadeh S et al.
Figure 7. MRI of the foreign bodies in the nose. A, asphalt and stone; B, metal; C, wood; D, glass and tooth.
4.14. Glass FB at the Bone-Soft Tissue Interface
All 20 samples had good visibility on US; 18 had good
and two had bad visibility on MRI; the difference between
Figure 8. Ultrasound of the foreign bodies in the nose
US and MRI in this respect was not significant (P = 0.157).
Nineteen had good and 1 had bad visibility on MRI; the dif-
ference of MRI and CT was not significant either (P = 0.564);
MRI and CBCT were not significantly different either (P =
0.655) since 17 had good and three had bad visibility on
CBCT scans. The US and CT (P = 0.317), US and CBCT (P =
0.083) and CT and CBCT (P=0.317) were not significantly dif-
ferent either (Figures 9 - 12).
4.15. Stone FB at the Bone-Soft Tissue Interface
All 20 samples had bad visibility on MRI and good visi-
bility on US; the difference between the two was significant
(P < 0.001). Nineteen samples had good and one had bad
visibility on CT and 12 had good and 8 had bad visibility on
CBCT; the difference between CT and CBCT was significant
(P = 0.020). Comparison of MRI and CBCT revealed a sig-
nificant difference as well (P = 0.01). All 20 had bad visibil-
ity on MRI and 19 had good and one had bad visibility on
CT; the difference between MRI and CT was significant (P
< 0.001). Comparison of CT and US revealed no significant
difference; one sample had bad and 19 had good visibility
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Figure 9. Cone beam computed tomography (CBCT) scans of the foreign bodies in the bone-soft tissue interface. A, asphalt; B, metal; C, wood; D, tooth; E, stone; F, glass.
on CT (P = 0.317); the difference between CBCT and US was
significant as well (P = 0.005) (Figures 9 - 12).
4.16. Wooden FB at the Bone-Soft Tissue Interface
Based on Wilcoxon Signed Rank test, all 20 samples
were invisible on CT and CBCT and these two modalities
were the same in this regard (P = 1.000). Twelve samples
had good and 8 had bad visibility on MRI, and MRI had sig-
nificant differences with CT and CBCT (P < 0.001). Nineteen
samples had good and one had bad visibility on US; US had
significant differences with CT and CBCT (P < 0.001). US
had significant differences with MRI as well since 12 had
good and eight had bad visibility on MRI (P = 0.020) (Fig-
ure 9 - 12).
4.17. Asphalt FB at the Bone-Soft Tissue Interface
All 20 samples had good visibility on US and CT and
thus, US and CT were not different in this regard (P = 1.00).
Eleven samples had good and nine had bad visibility on
CBCT; US and CT were significantly different (P = 0.003).
All 20 had bad visibility on MRI and the difference be-
tween MRI and US and CT was significant in this regard (P
< 0.001). Also, CBCT and MRI were significantly different (P
= 0.001) (Figures 9 - 12).
4.18. Tooth FB at the Bone-Soft Tissue Interface
Based on Wilcoxon Signed Rank test, CBCT and MRI
were not significantly different since 13 samples had good
and seven had bad visibility on CBCT; 11 had good and nine
had bad visibility on MRI (P = 0.593). The difference of MRI
with CT and US was significant since all 20 samples had
good visibility on US and CT (P = 0.003). Also, CBCT had sig-
nificant differences with US and CT since 13 had good and
seven had bad visibility on CBCT (P = 0.008). Moreover, CT
and US were similar since all 20 samples had good visibility
on CT and US (P = 1.000) (Figures 9 - 12).
The test results of Fisher’s exact test and Pearson Chi-
Square are mentioned in Tables 1 - 4. All materials in the
nose were invisible and had good visibility in the tongue
on US.
5. Discussion
Different imaging modalities are used for detection of
FBs such as plain radiography, CBCT, MRI, CT, and ultra-
sound. Plain radiographs can be used to detect FBs and to
reveal if they are in a critical location. Although this modal-
ity is commonly used, other techniques may be required
for exact localization of the FB. The main limitation of plain
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Figure 10. CT Scans of the FOREIGN bodies (FB) in the bone-soft tissue interface. A, asphalt; B, wood and metal; C, tooth; D, stone; E, glass.
radiography is that it cannot be used for detection of FBs
with low radiopacity.
CT is a standard imaging modality for detection of FBs
because the shape and size of objects are accurately recon-
structed in this method. CT also determines the exact po-
sition of FB and enhances its surgical removal. However,
metal artifacts can cause errors in detection of FBs on CT
scans. On the other hand, MRI is also used for detection
of FBs. If the composition of FB is not known, MRI cannot
be used as the first diagnostic modality because artifacts of
iron, glass, graphite, asphalt, stone and plastic impede ac-
curate visualization of these objects by MRI. Moreover, MRI
can cause displacement of ferromagnetic objects and dam-
age the adjacent tissues. In the head and neck region, CBCT
has advantages over CT. CBCT is more affordable and has
a lower patient radiation dose than CT (13). US is another
imaging modality that can be used to detect FBs. It is easily
accessible and available chairside; therefore, it is suitable
for use in trauma patients. It is affordable and does not em-
ploy X ray beams and the obtained images are readily avail-
able for evaluation. However, this modality is not suitable
for detection of objects in deep tissues or air filled cavities
(14).
The current study showed that CT was efficient for de-
tection of glass, iron, stone, asphalt and tooth but not for
wood (low radiopacity). In other words, materials with
high radiopacity are detectable on CT scans. However,
metal objects cause artifacts and interfere with accurate lo-
calization of FBs. In such cases, only presence or absence of
FB can be confirmed on CT scan. According to the results
of this study, CT had higher sensitivity than other modali-
ties evaluated in the current study. Also, CT can well reveal
the outline and accurate size of FBs. The current study re-
sults showed that the environment in which the FB is lo-
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Figure 11. MRI of the foreign bodies in the bone-soft tissue interface. A: asphalt and stone, B: metal, C: wood, D: tooth, E: glass.
Figure 12. Ultrasound of the foreign bodies in the bone-soft tissue interface. A: asphalt, B: Metal, C: wood, D: tooth, E: stone, F: glass.
cated had no significant effect on its visibility on CT scans. In other words, the diagnostic accuracy of this modality
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Table 1. Detection of Different Foreign Bodies by MRIa , b
Anatomical Location Foreign Body Type Good Bad Invisible Total
Tongue
Iron 0 (0.0) 20 (100.0) - 20 (100.0)
Glass 16 (80.0) 4 (20.0) - 20 (100.0)
Stone 0 (0.0) 20 (100.0) - 20 (100.0)
Wood 10 (50.0) 10 (50.0) - 20 (100.0)
Asphalt 0 (0.0) 20 (100.0) - 20 (100.0)
Tooth 9(45.0) 11 (55.0) - 20 (100.0)
Total 35 (29.2) 85 (70.8) - 120 (100.0)
Nose
Iron 0 (0.0) 20 (100.0) 0 (0.0) 20 (100.0)
Glass 17 (85.0) 3 (15.0) 0 (0.0) 20 (100.0)
Stone 0 (0.0) 20 (100.0) 0 (0.0) 20 (100.0)
Wood 0 (0.0) 0 (0.0) 20 (100.0) 20 (100.0)
Asphalt 0 (0.0) 18 (90.0) 2 (10.0) 20 (100.0)
Tooth 0 (0.0) 0 (0.0) 20 (100.0) 20 (100.0)
Total 17 (14.2) 61 (50.8) 42 (35.0) 120 (100.0)
Bone-Soft Tissue Interface
Iron 0 (0.0) 20 (100.0) - 20 (100.0)
Glass 18 (90.0) 2 (10.0) - 20 (100.0)
Stone 0 (0.0) 20(100.0) - 20 (100.0)
Wood 12 (60.0) 8(40.0) - 20 (100.0)
Asphalt 0 (0.0) 20(100.0) - 20 (100.0)
Tooth 11 (55.0) 9(45.0) - 20 (100.0)
Total 41 (34.2) 79 (65.8) - 120 (100.0)
aP < 0.001.
bValues are expressed as No. (%).
was not affected by the environment in which the FB was
located.
In the current study, CBCT and CT yielded similar re-
sults. CBCT detected glass, iron, stone, asphalt, and tooth
in the three environments studied although metal caused
significant artifacts. The visibility of wood in the tongue
and at the bone-soft tissue interface on CBCT scans was sim-
ilar to that on CT scans. In the nose (air-filled cavity), wood
often had bad visibility on CBCT scans, while it was not vis-
ible at all on CT scans. Wood had a significantly lower den-
sity than other materials tested in the current study. It had
a density close to that of the adjacent soft tissue. This ex-
plains its invisibility on some scans because close density
of wood and soft tissue can result in masking of wood on
CBCT scans when it is located adjacent to soft tissue.
In 2010, Aras et al. showed that wood adjacent to bone
was invisible. It was relatively visible (bad visibility) in an
air-filled cavity and within a muscle on CT scans. Relative
visibility in their study was defined as invisibility of details,
inadequate visualization and impossible precise localiza-
tion (6). The size of FBs used in their study (1× 1× 0.1cm)
explains the relative visibility of wood in the air-filled cav-
ity and muscle since the size of the FB affects its visibility.
In two studies conducted by Eggers et al. in 2007 (7)
and 2005 (15), they evaluated the visibility of FBs of variable
sizes and reported results similar to our study.
In 2014, Kaviani et al. evaluated the diagnostic accuracy
of CT and CBCT for detection of FBs; namely, metal, tooth,
wood, plastic, glass stone, and graphite. They reported that
except for wood, all FBs were visible on both CT and CBCT
scans (13).
In the current study, the efficacy of MRI for FB detec-
tion was also evaluated. Ferromagnetic objects had the po-
tential risk of displacement in the MRI scanner. Also, aside
from this problem, iron on T1 and T2 weighted images had
high artifacts and a large portion of the sheep’s head was
dark. Therefore, MRI can only show the presence of FB and
cannot be used for its localization. Asphalt and stone were
Iran J Radiol. In Press(In Press):e37265. 11
U
c
rr
cte
d P
roo
f
Valizadeh S et al.
Table 2. Detection of Different Foreign Bodies by CTa , b
Anatomical Location Foreign Body Type Good Bad Invisible Total
Tongue
Iron 0 (0.0) 20 (100.0) 0 (0.0) 20 (100.0)
Glass 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Stone 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Wood 0 (0.0) 0 (0.0) 20 (100.0) 20 (100.0)
Asphalt 19 (95.0%) 1 (5.0) 0 (0.0) 20 (100.0)
Tooth 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Total 79 (65.8) 21 (17.5) 20 (16.7) 120 (100.0)
Nose
Iron 0 (0.0) 20 (100.0) 0 (0.0) 20 (100.0)
Glass 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Stone 19 (95.0) 1 (5.0) 0 (0.0) 20 (100.0)
Wood 0 (0.0) 0 (0.0) 20 (100.0) 20 (100.0)
Asphalt 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Tooth 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Total 79 (65.8) 21 (17.5) 20 (16.7) 120 (100.0)
Bone-Soft Tissue Interface
Iron 0 (0.0) 20 (100.0) 0 (0.0) 20 (100.0)
Glass 19 (95.0) 1 (5.0) 0 (0.0) 20 (100.0)
Stone 19 (95.0) 1 (5.0) 0 (0.0) 20 (100.0)
Wood 0 (0.0) 0 (0.0) 20 (100.0) 20 (100.0)
Asphalt 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Tooth 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Total 78 (65.0) 22 (18.3) 20 (16.7) 120 (100.0)
aP < 0.001.
bValues are expressed as No. (%).
visible in all three locations but due to high artifact (arti-
fact of asphalt was higher than that of stone), only the pres-
ence of the FB was confirmed (especially in T1 weighted im-
ages) and its localization was not possible. On T2 images,
it was the artifact of asphalt and tooth that made them de-
tectable and not the object itself.
Glass on T1 and T2 weighted images was visible as an
area of low signal intensity. It had good and sometimes bad
visibility when located in the tongue and at the bone-soft
tissue interface. Moreover, MRI could not detect tooth in
the nasal cavity. Also, wood was visible as an area of low
signal intensity on T1 and T2 weighted images. MRI visual-
ized wood in the tongue and at the bone-soft tissue inter-
face and it had good visibility. Wooden samples in the nose
were detectable by MRI.
In our study, all FBs in the tongue and at the bone-soft
tissue interface had good visibility on US, but none of the
FBs in the nose were visible. Iron and glass had reverber-
ation artifact on US. Asphalt and tooth were visualized as
non-homogenous (irregular) masses along with a poste-
rior shadow. Wood and stone were visualized as echogenic
masses along with a posterior shadow with good visibility.
Our study clearly indicated the ability of US in visualizing
FBs located in superficial tissues and its inability to detect
FBs located in deep tissues or beneath bones.
In 1994, Mizel et al. evaluated CT, MRI, and US for de-
tection of wooden FBs. They preferred MRI and US for de-
tection of FBs as their first diagnostic modality (16). In
2008, Ober et al. compared CT, MRI and US for detection
of wooden FBs in the canine manus and reported CT as a
more accurate modality than MRI and US (17).
In 2009, in an vivo study, Shrestha et al. evaluated 23
patients suspected for FBs in their extremities. US detected
non-radiopaque FBs in the extremities of 19 patients. The
accuracy of US was surgically confirmed (18).
In general, imaging modalities used for detection of
FBs have advantages and disadvantages. Factors such as
the degree of radiopacity may affect their visibility. Fu-
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Table 3. Detection of Different Foreign Bodies by Cone Beam Computed Tomographya , b
Anatomical Location Foreign Body Type Good Bad Invisible Total
Tongue
Iron 0 (0.0) 20 (100.0) 0 (0.0) 20 (100.0)
Glass 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Stone 16 (80.0) 4 (20.0) 0 (0.0) 20 (100.0)
Wood 0 (0.0) 0 (0.0) 20 (100.0) 20 (100.0)
Asphalt 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Tooth 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Total 76 (63.3) 24 (20.0) 20 (16.7) 120 (100.0)
Nose
Iron 0 (0.0) 20 (100.0) 0 (0.0) 20 (100.0)
Glass 18 (90.0) 2 (10.0) 0 (0.0) 20 (100.0)
Stone 13 (65.0) 7 (35.0) 0 (0.0) 20 (100.0)
Wood 0 (0.0) 16 (80.0) 4 (20.0) 20 (100.0)
Asphalt 18 (90.0) 2 (10.0) 0(0.0) 20 (100.0)
Tooth 20 (100.0) 0 (0.0) 0 (0.0) 20 (100.0)
Total 69 (57.5) 47 (39.2) 4 (3.3) 120 (100.0)
Bone-Soft Tissue Interface
Iron 0 (0.0) 20 (100.0) 0 (0.0) 20 (100.0)
Glass 17 (85.0) 3 (15.0) 0 (0.0) 20 (100.0)
Stone 12 (60.0) 8 (40.0) 0 (0.0) 20 (100.0)
Wood 0 (0.0) 0 (0.0) 20 (100.0) 20 (100.0)
Asphalt 11 (55.0) 9 (45.0) 0 (0.0) 20 (100.0)
Tooth 13 (65.0) 7 (35.0) 0 (0.0) 20 (100.0)
Total 53 (44.2) 47 (39.2) 20 (16.7) 120 (100.0)
aP < 0.001.
bValues are expressed as No. (%).
Table 4. Detection of Different Foreign Bodies by Ultrasounda , b
Foreign Body Type Good Bad Invisible Total
Bone-Soft Tissue Interface
Iron 20 (100.0) 0 (0.0) - 20 (100.0)
Glass 20 (100.0) 0 (0.0) - 20 (100.0)
Stone 20 (100.0) 0 (0.0) - 20 (100.0)
Wood 19 (95.0) 1 (5.0) - 20 (100.0)
Asphalt 20 (100.0) 0 (0.0) - 20 (100.0)
Tooth 20 (100.0) 0 (0.0) - 20 (100.0)
Total 119 (99.2) 1 (0.8) - 120 (100.0)
aP = 0.001.
bValues are expressed as No. (%).
ture studies are required to determine the minimum de-
tectable size of different FBs. In clinical settings, factors
such as composition of the FB, location, availability of
the imaging modality, affordability, and patient radiation
dose should be considered in the selection of the imaging
modality.
In conclusion, when there is a possibility of FB in the
superficial tissues (muscle, or at the bone soft tissue inter-
face), US is recommended for assessment of presence or ab-
sence of the FB. If the FB is located in deep tissues or behind
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a bone, CBCT and then CT are recommended because of the
lower patient radiation dose and lower cost. Also, MRI has
the advantage of not using radiation beam and it yields
more optimal results compared to CBCT and CT in detect-
ing FBs with low opacity such as wood. However, if the FB
is a ferromagnetic metal, MRI may displace it and cause
serious problems for the patient. Thus, MRI is contraindi-
cated in such cases. Otherwise, MRI can replace CBCT and
CT. In US, radiopacity of the materials has no effect on their
visibility, but CT and CBCT detected high-opacity materials
such as metal, glass and asphalt better than low opacity
materials such as wood. In addition, in air-filled cavities,
CBCT detected wood in most cases. Different locations af-
fected the visibility of FBs in US. FBs in superficial tissues
were visible, while they were invisible in deep tissues such
as the nasal cavity. Location had no effect on the visibility
of FBs in other methods, which may be due to the size of
FBs. If the FBs were smaller, they could have been masked
in different locations.
According to the results, the sensitivity of CT was
higher than that of other modalities. In emergency situ-
ations, a critical decision is important to enhance faster
treatment planning. Moreover, all parts of the body must
be evaluated in traumatic patients and CT is the best
modality for such cases.
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